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Ecotoxicologist
Contaminants and Great Lakes Stakeholders
• Are there threats to fish and wildlife –
ecosystem services?
• What is a “safe/unsafe level”?
• What kinds of effects might be expected 
and in what areas?
• How should we spend our tax dollars?
https://www.canadiangeographic.ca/article/mapping-human-impact-great-lakes
• 11 + years of Great Lakes Restoration Initiative (GLRI)
• > $2.7 billion
• > 5000 projects
• 3 Action plans (5 year) Long term goals:
•Fish safe to eat
•Water safe for recreation
•Safe source of drinking water
•All Areas of Concern delisted
•Harmful/nuisance algal blooms eliminated
•No new self-sustaining invasive species
•Existing invasive species controlled
•Native habitat protected and restored to 
sustain native species
https://www.glri.us/about
Great Lakes Restoration Initiative – Contaminants of Emerging Concern
• Identify significant sources and impacts of new toxics to the Great Lakes 
ecosystem ….., in order to devise and implement effective control strategies. 
Focus Area 1: Toxic Substances and Areas of Concern
Goal 5: The health and integrity of wildlife populations and habitat are protected from 
adverse chemical and biological effects associated with the presence of toxic 
substances in the Great Lake Basin. 
Multiple independent 
efforts 







• 57 Great Lakes Tributaries
• Insecticides (60% of sites); PAHs (43%); herbicides (37%); flavors and 
fragrances (31%)
• Land cover related to occurrence and conc for many compound classes.
• Metolachlor, atrazine, DEET > in summer       *HHCB > winter
Baldwin et al. 2016, STOTEN, 554-555, 42-52
• 29 Great Lakes Tributaries
• Plastic particles found in 100% of samples (n=107)
• 71% were fibers; 17% fragments
• Fragments, pellets, beads, foam positively correlated with urban land 
cover and population density.
Baldwin et al. 2016, ES&T, 50(19) 10377-10385
• Human and bovine fecal pollution in all 8 watersheds
• Human viruses detected in 16% of samples
• Bovine viruses in 14% of samples
• Loads generally related to land-use; human (urban); bovine (ag)
Dila et al. 2018, ES&T, 52: 1500-1509; Lenaker et al. 2017, Water Res. 113: 11-21
Upper Mid-West 
Water Science Center Contaminant Surveillance
Musselwatch
• Demonstrated that mussels do accumulate CECs, not 
just legacy contaminants 
• PAHs were ubiquitous
• PBDEs present in all mussel samples; PBDE 47, 
99, 154, 206 dominant
• PPCPs:  Amitryptyline, sertraline (anti-depr) and 
DEET most common
• Alkylphenols(ethoxylates) – detected; 3 of 4 at all 
sites
• Greatest concentrations detected in harbors and 
tributaries as opposed to near-shore and open lake
• Mussels for effects-based monitoring
Jaruga et al. 2017, Environ. Toxicol. 32(9): 2144-2153
NOAA. Data Integration Visualization Exploration and Reporting (DIVER). For Great Lakes 









• One of the most extensive and exhaustive studies of both 
legacy and CECs in birds from such a large geographic area 
(100,000 sq. miles)
• PBDEs and PFASs do not seem to be at exposure levels that 
affect reproduction or physiological responses in nesting birds.
• PAHs were associated with adverse reproductive  as well as 
physiological responses.
• Reproductive success decreased as concentrations of PAHs in 
invertebrate food-base increased.
• One of the first studies to document such an association.
Custer et al. 2016, ET&C, 35: 3071-3092; Custer et al. 2017, ET&C, 36: 735-748; Custer 
et al. 2017, Ecotoxicol, 26: 1392-1407; Custer et al. 2018, Ecotoxicol, 27:457-476
Contaminant and Biological Effect 
Monitoring – Birds, Emergent Inverts.
• Clusters of contaminants associated with different land use
• Hazard screening values developed for 14 CECs
• Resident and caged fish had > blood glucose at sites with 
higher CEC presence and concs.
• Presence of PAHs and pharms explain most of the 
variation in blood glucose.
• Concentrations of PAHs exceeded water quality 
benchmarks at some locations.
Elliot et al. 2017; PLoS ONE 12(9): e1082868; Thomas et al. 2017, PLoS ONE 12(9): 30184725., 
Elliot et al. 2018, IEAM, 14(4): 508-519; Jorgenson et al. 2018, Environ. Pollut. 236: 718-733
Contaminant and Biological Effect 
Monitoring - Fish
Pathway-Based Biological Effect Monitoring –
In vitro screening; caged fish
Use of ToxCast HTP screening data for risk-
based prioritization
Blackwell et al. 2017, ES&T, 51(15): 8713-8724
EAR = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑀𝑀𝐶𝐶𝐶𝐶𝑀𝑀𝑀𝑀𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝜇𝜇𝑀𝑀)















































Relative Enrichment Factor (REF)
Blackwell et al. ES&T, 2019, 53(2): 973-983
Multi-factorial assays for 
bioactivity surveillance (mixtures)
Pathway-Based Biological Effect Monitoring –
In vitro screening; caged fish
Time-integrated composite 
sampling device 
Kahl et al. 2014, ET&C, 33(7): 1584-1595
In vitro and fish skin mucus metabolomics for 
non-lethal monitoring of exposure and effects
Davis et al. 2016, ET&C, 35(10): 2493-2502; Mosley et al. 2018, 
ET&C, 37(3): 788-796; Zhen et al. 2018, Water Res. 145: 198-209
Effect-driven framework for prioritizing 
pharmaceuticals
LaLone et al. 2014 Phil Trans R Soc Lond B 
Biol Sci doi: 10.1098/rstb.2014.0022.
Berninger et al. 2016. 
ET&C 35(4):1007-1020






Omics-based surveillance and co-variance
• Examined co-variance between altered gene 
expression, contaminant concentrations, phenotypic 
effects
• Maumee and DR AOCs, PAHs had greatest co-
variance with gene expression changes; 
• Gene expression changes associated with fatty liver 
AOP network were detected (DR and MB).
• Altered gene expression linked to tumor formation, a 
BUI of concern in the Great Lakes.
Perkins et al. 51(15): 513-525
Burgoon 2019 (https://github.com/DataSciBurgoon/bisct)
2010-2013 Research and Field Studies
• Over 50 journal articles, published reports, 
official data releases, and publicly accessible tools
So what?
Might be something there
Hard to bring into focus
Individual lines of evidence 
leave considerable 
uncertainty
Need to take in multiple lines 
of evidence
Pattern(s) emerge
Might be something there
Hard to bring into focus
Individual lines of evidence 
leave considerable 
uncertainty
Need to take in multiple lines 
of evidence
Pattern(s) emerge
PAHs are a contaminant class of concern:
• Widespread detection across the basin
• Frequently exceed water quality benchmarks
• Evidence for uptake into organisms (mussels, 
invertebrate food base)
• Association with reproductive failure in tree swallows
• Responses in mussels and fish consistent with PAH 
exposure and effects
• Coal-tar sealed pavement as a major source of 
sediment PAHs  
Baldwin et al. 2020, ET&C, 39(7): 1392-1408.
Integrated Analysis – Results from Action Plan I
For a smaller subset of sites where cell bioassays, caged fish, and chemical analyses were 
co-located. (St. Louis, Maumee, DR, GB, Mil)
• Estrogenic activity only a concern at WWTP discharge locations
• Known chemicals (steroids, NP, BPA) account for majority of the activity observed.
Chemical surveillance suggests at least 10% of tribs at risk for estrogenic effects
• Total EEQs estimated from chemicals detected exceed levels of concern at locations 
including: 
• Au Sable, St. Joseph, Rouge, Sagninaw, Raisin, Little Calumet, North Short Channel.
Did not have effect measurements from sites where EEQs exceeded levels of concern
Integrated Analysis – Results from Action Plan I
Estrogenic Activity:
Picture starting to take shape
Pieces don’t all fit together
• Different analytical schedules
• Different sites
• Different times of the year
• Different toxicity benchmarks
• Different reference sites/conditions
Research under Action Plan I:  multiple independent efforts – rather loosely knit
Great Lakes Restoration Initiative – Contaminants of Emerging Concern
Focus Area 1: Toxic Substances and Areas of Concern
Increase knowledge about contaminants in Great Lakes fish and wildlife
• Identify emerging contaminants and assess impacts on Great Lakes fish and wildlife
Co-ordinated and 
integrated effort 
Action Plan II – 2015-2019

Surveillance Program
• Characterize contaminant concentrations and potential biological 
effects
• Season to season
• Month to month
• Use of core set of sites
• 10 sites selected for monitoring every year of the project
• An additional 6-8 sites will be selected that are specific to each 
year to address focus area
• Consistent use of broad contaminant schedule (wastewater 
indicators)
• Contaminant class of the year (FY16 – pesticides, FY17 – PAHs, 
FY18 – pharmaceuticals) 
• Consistent use of biological endpoints
• Targeted in vitro assays (ER, AR, AhR)








- Benthic species (sucker/bullhead)




- Tree swallows 
- (nestlings, eggs, diet)
Environmental:
- Water
- Sediment (if needed)
- Passive samples (POCIS, SPMD)
Integrated Assessment Case Studies
Hypothesis generation Hypothesis testing
Maumee Area of Concern (2016-2017)
Pesticides and Waste Water Indicators
Integrated Assessment Case Studies
Sites
• Mary Jane Thurston (MJT)
• Grand Rapids Marina (GRM)
• Beaver Creek (BCR)
• Farnsworth Metro Park (FMP)
• Side-cut/Waterville (SCW)
• Perrysburg (PBG)
• Upstream of Swan Creek (USC)
• Swan Creek (SCR)
• Ironhead (IRH)
• Upstream of Toledo WWTP (UTP)
• Toledo WWTP outfall (TWP)
• Grassy Island (GSI)
















Spring (before) and summer 
(after) pesticide application
Intensive sampling  to characterize contaminants and their bioeffects.
Co-located and coordinated.
Milwaukee Estuary Area of Concern (2017 – 2018)
2017 Waste Water Indicators and PAHs
2018 Waster Water Indicators and Pharmaceuticals
Integrated Assessment Case Studies
Study Sites
2017-18 Sites
• Kinnickinnic River at Lincoln (KKL)
• Menomonee River at 25th St (MET)
• Menomonee River at Freistadt Road 
(MEF)
• Milwaukee at Estabrook (MIE)
• Milwaukee at Mouth (MIM)
• Milwaukee River at Walnut St. (MIP)
• Menomonee near Church St. at 
Wauwatosa (MEC)
• Underwood Creek at Juneau Blvd 
(UCJ)
2018 (only) Sites
• Jones Island STP Plume (JIP)
• Cedar Creek at Green Bay Rd at 
Cedarburg (CCM)
• Milwaukee River at Cnty Trnk Hwy 
(MIN) 30

Data are now organized into a 
relational database
Database can be queried by:
• Chemical
• Site coordinates
• Hydrologic unit code(HUC)
• Sample type
• Laboratory
• Type of biological endpoint
Facilitates integrated analyses
Integrated Analyses (on-going)
• Risk-based prioritization of individual CECs
• Management and monitoring
• Additional data collection
• Low priority
• Co-variance with biological effects
• Estrogenic activity coupling EEQ exceedance with 
biological measurements and harmonized thresholds












The aim is to identify contaminants that have been detected over the 
course of the GLRI CEC monitoring studies and provide a risk-based 
prioritization based on available exposure and effects data. 
TQ or EAR = 
𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑴𝑴𝑪𝑪𝑪𝑪𝑴𝑴𝑴𝑴𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝑪𝑪𝑪𝑪 𝑬𝑬𝑪𝑪𝑬𝑬𝑪𝑪𝑴𝑴𝑪𝑪𝑪𝑪𝑬𝑬𝑴𝑴𝑪𝑪𝑪𝑪𝑴𝑴𝑬𝑬 𝑺𝑺𝑴𝑴𝑬𝑬𝑺𝑺𝑬𝑬𝑴𝑴(𝝁𝝁𝝁𝝁𝑳𝑳 )
𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑴𝑴𝑪𝑪𝑪𝑪𝑴𝑴𝑴𝑴𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝑪𝑪𝒕𝒕𝑴𝑴𝑪𝑪 𝑺𝑺𝑴𝑴𝑪𝑪𝑴𝑴𝑴𝑴𝑪𝑪𝑴𝑴𝑴𝑴 𝑴𝑴𝑴𝑴𝑬𝑬𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝒃𝒃𝑪𝑪𝑪𝑪𝑬𝑬𝑪𝑪𝝁𝝁𝑪𝑪𝑪𝑪𝑴𝑴𝑬𝑬 𝑴𝑴𝒆𝒆𝒆𝒆𝑴𝑴𝑪𝑪𝑪𝑪 (µ𝝁𝝁𝑳𝑳 )




≈419a chemicals detected in 
water (50.5%)
aUnique substances, no mixtures/UVCBs
1. Compile list of all analytes detected:
a. Matrix 
b. Frequency of detection among sites
c. Frequency of detection as a % of all samples evaluated
d. Distribution of detected concentration
i. Maximum concentration
ii. Upper 5th percentile
iii.Median concentration
2. For detected chemicals, compile available toxicity benchmarks:
a. Established water quality benchmarks (e.g., by a country, state, regional authority)
b. Literature based benchmarks (e.g., based on ECOTOX) – apical endpoints (Tier 1)
c. Literature-based benchmarks (e.g., based on ECOTOX) – alternative endpoints (Tier 2)
d. ToxCast-based benchmarks (EARs)
e. QSAR-based benchmarks
3. Apply risk-based prioritization framework to “bin” chemicals
General approach





















































































































































































































































Prioritize for BM derivation based on 
detection frequencies
Application of Pharmaceutical Prioritization Framework
Cmax = maximum concentration a drug achieves after 















































Pharmaceuticals (no empirical benchmarks)



























● Environmental regulations and pollution controls have 
been successful – no “smoking guns”
● Assembly and evaluation of multiple lines of evidence 
are needed to understand impacts of CECs in the Great 
Lakes
● Speaks to the need for more coordination and 
integrated analyses in the field as a whole
● ECEC is a great opportunity to develop partnerships 
and identify complementary lines of evidence that can 
help to put the pieces together or “connect the dots”
CEC Research
CEC Partners
• US Fish and Wildlife Service (Bloomington, MN)  
o St. Cloud State University (St. Cloud, MN)
o Central Michigan University (Mount Pleasant, MI)
• US Geological Survey (offices in La Crosse and 
Middleton, WI, and Mounds View, MN)
• US Environmental Protection Agency
• ORD/ (offices in Athens, GA, Cincinnati, OH, and 
Duluth, MN)
• Great Lakes National Program Office (Chicago)
• Army Corps of Engineers (ACOE)/Engineer Research and 
Development Center (ERDC) (Vicksburg, MS)
• National Oceanic and Atmospheric 
Administration/Center for Coastal Monitoring and 
Assessment (Silver Spring, MD)
• Contaminant surveillance  - srcorsi@usgs.gov
• Bioactivity-based screening – villeneuve.dan@epa.gov
• In situ experiments w fish and native mussels – stephanie_hummel@fws.gov
• Contaminants and bio-effects in mussels – ed.johnson@noaa.gov
• Contaminants and bio-effects in tree swallows and prey – ccuster@usgs.gov
• Metabolomics-based untargeted surveillance – ekman.drew@epa.gov
• Gene expression-based untargeted surveillance – Edward.j.perkins@usace.army.mil
CEC Research
Points of Contact
